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FOREWORD 
T h i s  f i n a l  r e p o r t  on the i n v e s t i g a t i o n  of  t h e  r e l i a b i l i t y  of 
s t e r i l e  i n s e r t i o n  t echn iques  f o r  s p a c e c r a f t  i s  submi t t ed  t o  
s a t i s f y  t h e  r equ i r emen t s  of C o n t r a c t  NASW-1407 sponsored by NASA, 
Washington 2 5 ,  D . C .  
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An i n v e s t i g a t i o n  o f  t h e  f e a s i b i l i t y  o f  s t e r i l e  i n s e r t i o n  h a s  
been conducted under C o n t r a c t  NASW-1407. The l a b o r a t o r y  s t u d y  
employed Gno tob io t i c  t echn iques  w i t h  f l e x i b l e  f i l m  i s o l a t o r s .  A 
high  c o n c e n t r a t i o n  (106/cu f t )  of B a c i l l u s  s u b t i l i s  v a r  n i g e r  w a s  
used t o  c h a l l e n g e  t h e  s t e r i l e  i n s e r t i o n s .  
S t e r i l e  l o c k  i n s e r t i o n s  were made w i t h  12% e t h y l e n e  ox ide  and 
88% F r e o n  1 2  (ETO) a t  room t empera tu re ,  FTO a t  140°F and p e r a c e t i c  
a c i d .  Twenty- three  s t e r i l e  i n s e r t i o n s  w i t h  ET0 a s ,  t h e  s t e r i l a n t ,  
were made. Twenty i n s e r t i o n s  were ge rm- f ree ,  and t h r e e  had a n  
accoun tab le  sou rce  of  con tamina t ion .  Three  p e r a c e t i c  a c i d  i n -  
s e r t i o n s  were made, and they  were ge rm- f ree .  
Twenty-eight  s p l i t  seam i n s e r t i o n s ,  u s i n g  a h e a t  s e a l i n g  
t echn ique  were made. Twenty were ge rm- f ree ,  and e i g h t  had s o u r c e s  
of  accoun tab le  con tamina t ion .  
A s  a s e p a r a t e  exper iment ,  con tamina t ion  p o t e n t i a l  was i n v e s -  
t i g a t e d  w i t h  p r e s s u r i L e d  i s o l a t o r s  c o n t a i n i n g  1/8-,  1 / 4 - ,  1/2-, 
and 3 / 4 - i n .  h o l e s ,  r e s p e c t i v e l y .  Negat ive  r e s u l t s  were o b t a i n e d  
a f t e r  3 weeks w i t h  d a i l y  m a n i p u l a t i o n s  i n  t h e  i n d i v i d u a l  i s o l a t o r s  
t h a t  were cha l lenged  by a n  e x t e r n a l  a tmosphere c o n t a i n i n g  10 
b a c t e r i a / c u  f t .  
5 
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I .  INTRODUCTION 
G n o t o b i o t i c  t echn iques  , o r i g i n a l l y  developed f o r  t h e  r a i s i n g  
o f  germ-free an ima l s ,  have been proven s u f f i c i e n t l y  r e l i a b l e  t o  
be  used by t h e  medical  p r o f e s s i o n  f o r  t h e  t r e a t m e n t  of  s e v e r e  
bu rn  v i c t i m s  and f o r  germ-free s u r g e r y  (Ref 1 and 2 ) .  
Recognizing the  p o s s i b l e  mer i t  of  t h i s  technology,  NASA e s -  
t a b l i s h e d  t h i s  c o n t r a c t .  The o b j e c t i v e  of  t h e  work w a s  t o  d e t e r -  
mine i f  g n o t o b i o t i c  i n s e r t i o n  t echn iques  u s i n g  f l e x i b l e  f i l m  i s o -  
l a t o r s  c o u l d  show a demonst rab le  r e l i a b i l i t y  f o r  p o t e n t i a l  a p p l i -  
c a t i o n  i n  the  assembly and r e p a i r  o f  s t e r i l e  s p a c e c r a f t .  The e x -  
p e r i m e n t a l  program w a s  des igned  t o  de te rmine  whether  s t e r i l e  p a r t s  
( s i m u l a t i n g  s p a c e c r a f t  rep lacement  p a r t s  o r  non-heat  s t e r i l i z a b l e  
components) cou ld  be t r a n s p o r t e d  through a h i g h l y  b i o l o g i c a l l y  
contaminated  area i n t o  a s t e r i l e  environment  w i t h o u t  i m p a i r i n g  
s t e r i l i t y  of  t h e  component o r  t h e  s t e r i l e  environment .  
A s  background in fo rma t ion ,  a r e p o r t  on the  s t a t e  o f  t h e  a r t  
o f  g n o t o b i o t i c  technology was p repa red  f o r  NASA d i s s e m i n a t i o n  t o  
pe r sonne l  working on s t e r i l i z a t i o n  (Ref 3 ) .  I n  the  expe r imen ta l  
phase ,  two g n o t o b i o t i c  t r a n s f e r  ( i n s e r t i o n )  t echn iques  were i n -  
ve s t i g a  t e d  . 
The s t e r i l e  l o c k  method u s e s  a pas s  l o c k  i n t o  which p a r t s  a r e  
i n s e r t e d  and enc losed  from the  contaminated  s i d e  of  a b i o b a r r i e r  
( s t e r i l e  i s o l a t o r ) .  I n  t h i s  expe r imen t ,  t h e  b i o b a r r i e r  was a 
s t e r i l e  f l e x i b l e  f i l m  i s o l a t o r .  The p a r t s  and the  i n t e r i o r  of 
t h e  pas s  l o c k  a r e  decontaminated w i t h  t h e  NASA-approved e t h y l e n e  
ox ide  composi t ion  (12% e t h y l e n e  o x i d e ,  88% Freon 1 2  by w e i g h t )  
w i t h  30 5 5% r e l a t i v e  humidi ty .  
from t h e  s t e r i l e  s i d e  of  the b i o b a r r i e r  and the  p a r t s  a r e  b rough t  
i n t o  t h e  s t e r i l e  environment .  
The p a s s  lock i s  t h e n  opened 
The " s p l i t  seam'' i n s e r t i o n  method u s e s  a h e a t  s e a l i n g  t o o l  
p l aced  i n s i d e  a s t e r i l e  environment ( a  p l a s t i c  g love  bag)  a l o n g  
w i t h  t h e  s t e r i l e  p a r t s .  The t o o l  i s  used t o  h e a t  s e a l  t h e  p l a s -  
t i c  w a l l  of t h e  g love  bag t o  t h e  p l a s t i c  w a l l  of  t he  b i o b a r r i e r .  
A s t e r i l e  a c c e s s  p o r t  i s  c r e a t e d  by a p a r t i n g  s t r i p  o f  d i s s i m i l a r  
p l a s t i c  which p r e v e n t s  bonding of  t h e  i n t e r n a l  p l a s t i c  w a l l s .  
1 
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Demonstrat ion of  each  t echn ique  was l i m i t e d  t o  s t e r i l e  i n -  
s e r t i o n s  through a s p o r e  c loud  of  approximate ly  10 B a c i l l u s  
s u b t i l i s  var n i g e r  (B. g l o b i p i i ) / c u  f t .  Three  i n s e r t i o n s  were made 
u s i n g  a 2% p e r a c e t i c  a c i d  s o l u t i o n  a s  t h e  s t e r i l a n t  t o  o b t a i n  a 
c r o s s  r e f e r e n c e  w i t h  s t a n d a r d  g n o t o b i o t i c  p r a c t i c e .  
6 
Ethylene  oxide  (ETO) decon tamina t ion  e f f i c i e n c y  was demon- 
s t r a t e d  f o r  18 h r  a t  room tempera ture  (75°F)  and 3 h r  a t  140°F. 
The hea ted  c o n d i t i o n  was ach ieved  by a h e a t i n g  m a n t l e .  A l l  ET0 
decviiiarriinarrions were accomplished a t  r e l a t i v e  humidi ty  o f  30 2 
5% . 
Two n o n s t e r i l e  l o c k  i n s e r t i o n s  were made t o  v e r i f y  t h e  ade-  
quacy of t h e  b ioassay  t e c h n i q u e s  used i n  bo th  t h e  s t e r i l e  l o c k  
and s p l i t  seam i n s e r t i o n  o p e r a t i o n s .  
The f i n a l  expe r imen ta l  t a s k  o f  t h e  c o n t r a c t  i n v e s t i g a t e d  t h e  
p o s s i b i l i t y  of backflow con tamina t ion  through s m a l l  c i r c u l a r  
h o l e s  i n  the w a l l s  o f  t h e  f l e x i b l e  f i l m  i s o l a t o r s .  Four h o l e  
s i z e s  (118, 114, 1 1 2 ,  and 314 i n .  d i a m e t e r )  were monitored f o r  
backflow contaminat ion  f o r  t h r e e  weeks.  No ev idence  of  contami-  
n a t i o n  was d e t e c t e d .  
VOY -CR-66  -9 
11. CONCLUSIONS 
With r e a s o n a b l e  c a r e ,  bo th  s t e r i l e  l o c k  and s p l i t  seam i n -  
s e r t i o n  t echn iques  have demonstrated r e p e a t a b l e  performance w i t h -  
o u t  con tamina t ion  of  e i t h e r  p a r t s  o r  t h e  s t e r i l e  i n t e r n a l  e n v i r o n -  
ment.  Adap ta t ion  of t h i s  g n o t o b i o t i c  technology t o  s p a c e c r a f t  
a p p l i c a t i o n  appea r s  t o  be  a p o t e n t i a l l y  v a l u a b l e  avenue of  i n v e s -  
t i g a t i o n .  
F l e x i b l e  f i l m  i s o l a t o r s  a r e  p r a c t i c a l  d e v i c e s  f o r  g n o t o b i o t i c  
a p p l i c a t i o n s  u s i n g  p e r a c e t i c  a c i d .  M o d i f i c a t i o n s  a r e  r e q u i r e d  i n  
s t a n d a r d  i s o l a t o r  d e s i g n  t o  pe rmi t  t h e  use  o f  ETO. These changes 
inc lude  s e a l i n g  f o r  ET0 gas  p r e s s u r e ,  h e a v i e r  p l a s t i c  f i l m s  t o  
w i t h s t a n d  t h e  h a r d e r  day-to-day usage ,  and minimal ET0 r e t e n t i o n  
by t h e  p l a s t i c  f i l m .  
The b i o a s s a y  t echn iques  used i n  t h e  s t u d y  were a b l e  t o  d e t e c t  
con tamina t ion .  
c o n t r i b u t e d  m a t e r i a l l y  t o  the v a l i d i t y  o f  t h e  expe r imen ta l  work. 
Use o f  t h e  h igh  b a c t e r i a l  c o n c e n t r a t i o n  (106/cu f t )  
Backflow con tamina t ion  through h o l e s  up t o  314 i n .  i n  diam- 
e t e r  i n  f l e x i b l e  f i l m  i s o l a t o r s  w i l l  n o t  occu r  provided  a p o s i -  
t i v e  p r e s s u r e  i s  main ta ined  w i t h i n  t h e  i s o l a t o r .  Turbulence 
c r e a t e d  by normal o p e r a t i o n s  i n s i d e  t h e  i s o l a t o r  does n o t  cause  
con tamina t ion  a s  long  a s  the p o s i t i v e  p r e s s u r e  i s  ma in ta ined .  
P e r a c e t i c  a c i d  i n s e r t i o n s  a f f i r m e d  t h e  r e p o r t e d  s u c c e s s e s  
w i t h  g n o t o b i o t i c  a p p l i c a t i o n s .  
3 
4 VOY CR -.66 -9 
111. RECOMMENDATIONS 
Heated S t e r i l e  Lock - The f e a s i b i l i t y  of  u s i n g  ge rmic ides  f o r  
s t e r i l e  lock i n s e r t i o n s  has  been demons t r a t ed .  It  i s  recommended 
t h a t  work be i n i t i a t e d  t o  use h e a t  as  a s t e r i l a n t .  Heat r e p o r t -  
e d l y  i s  more p o s i t i v e  than  ET0 a s  a s t e r i l a n t ,  and c o n s e q u e n t l y ,  
h a s  some advantage ove r  ETO. 
T s n l n t n r  nesipn - A l t h n i i z h  f l e x i h l e  f i l m  i s n l a t n r s  a r e  p r a c -  
t i c a l  f o r  l a b o r a t o r y  usage ,  p a r t i a l  o r  comple t e ly  r i g i d  c o n s t r u c -  
t i o n  i s  needed f o r  more r i g o r o u s  usage .  S t e r i l e  l o c k  e n t r y  p o r t s  
shou ld  be  pas s  c l a v e s  w i t h  a u t o m a t i c  t e m p e r a t u r e ,  p r e s s u r e ,  and 
humid i ty  c o n t r o l s  b u i l t  i n .  
C o n t r o l l e d  Q u a l i t y  of  ET0 - Government s t a n d a r d s  and r e c e i v -  
i n g  i n s p e c t i o n  p rocedures  shou ld  be e s t a b l i s h e d  f o r  ET0 p r o c u r e -  
ment. 
P r a c t i c a l  A p p l i c a t i o n  t o  S p a c e c r a f t  - The s t e r i l e  i n s e r t i o n  
t echn iques  used f o r  t h i s  c o n t r a c t  a r e  n o t  d i r e c t l y  a p p l i c a b l e  t o  
s p a c e c r a f t  s t e r i l e  i n s e r t i o n .  An i n v e s t i g a t i o n  i s  war ran ted  of 
methods and e n g i n e e r i n g  models t o  a d a p t  t h e s e  t e c h n i q u e s  t o  p r a c -  
t i c a l  i n s e r t i o n  methods f o r  use a t  the l aunch  s i t e .  
M a t e r i a l s  E v a l u a t i o n  - Repeated exposures  t o  ET0 may have a 
d e g r a d i n g  e f f e c t  on the p h y s i c a l  p r o p e r t i e s  o f  opaque v i n y l .  
P l a s t i c s  s u b j e c t e d  t o  ET0 r e q u i r e  3 h r  of  v e n t i l l a t i o n  t o  remove 
a l l  t r a c e s  of  ETO. I f  h e a t e d  s t e r i l e  l o c k s  a r e  employed, t h e  
p l a s t i c  i s o l a t o r  canno t  w i t h s t a n d  the  t e m p e r a t u r e .  I t  i s  recom- 
mended t h a t  m a t e r i a l s  w i t h o u t  t h e s e  sho r t comings  be i n v e s t i g a t e d  
and t h a t  t e s t s  s i m i l a r  t o  ones covered by t h i s  c o n t r a c t  be con-  
duc ted  w i t h  the new m a t e r i a l s .  
e 
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I V .  TEST APPARATUS 
A .  GENERAL 
The p r i n c i p a l  components o f  t h e  t e s t  a p p a r a t u s  were t h r e e  
v i n y l  f l e x i b l e  f i l m  i s o l a t o r s  ( F i g .  I V - 1 ) .  The l a r g e s t  (11x5 1 / 2  
x 5  f t )  i s o l a t o r ,  suppor t ed  e x t e r n a l l y ,  e n c l o s e d  two smaller i s o -  
l a t o r s  ( 4 x 4 ~ 3  1 / 2  f t ) .  The l a r g e  i s o l a t o r ,  termed t h e  room i s o -  
l a t o r ,  w a s  f a b r i c a t e d  w i t h  a c a p t i v e  s u i t  and p r e i n s t a l l e d  ac- 
cess p o r t s  and u t i l i t y  n i p p l e s .  The p o r t s  and n i p p l e s  were used 
t o  make the  n e c e s s a r y  e x t e r n a l  c o n n e c t i o n s  o f  e l ec t r i ca l  c o r d s ,  
s t e r i l e  a i r  s u p p l i e s  f o r  the two i n n e r  i s o l a t o r s ,  impinger vac -  
uum h o s e s ,  and ET0 i n l e t  and o u t l e t  l i n e s .  Each i n n e r  i s o l a t o r  
c o n t a i n e d  a n  e n t e r  -from-below c a p t i v e  s u i t .  
I n  a d d i t i o n  t o  c o n t a i n i n g  t h e  two s m a l l e r  i s o l a t o r s ,  t he  room 
i s o l a t o r  c o n t a i n e d  a con t inuous  flow n e b u l i z e r  , DeVi lb i s s  No. 841 
(Fig. I V - 2 ) ,  and a small t a b l e  f a n .  
The s t e r i l e  a i r  supp ly  t o  each i n n e r  i s o l a t o r  c o n s i s t e d  o f  a n  
e l e c t r i c a l l y - d r i v e n  s q u i r r e l  cage blower,  f i l t e r ,  and o u t l e t  t r a p .  
The o u t l e t  t r a p  a l s o  se rved  as a p r e s s u r e  r e g u l a t o r  f o r  t h e  i n n e r  
i s o l a t o r .  The b lower ,  f i l t e r ,  and t r a p  i n n e r  i s o l a t o r  were con- 
n e c t e d  w i t h  1 114 i n .  OD w i r e - r e i n f o r c e d  p l a s t i c  t u b i n g .  The i s o -  
l a t o r s ,  b lowers ,  f i l t e r s ,  t r a p s ,  and i n t e r c o n n e c t i n g  t u b i n g  (F ig .  
IV-3) were f u r n i s h e d  by the Snyder Manufactur ing Company, New 
P h i l a d e l p h i a ,  Ohio.  
The r e s t  o f  t h e  g e n e r a l  t e s t  a p p a r a t u s  c o n s i s t e d  o f  l a b o r a -  
t o r y  equipment f o r  c o l l e c t i n g  samples f o r  b i o a s s a y i n g ,  which i n -  
c luded  Braun vacuum pumps, Gillman f lowmete r s ,  Lab-Line e l e c t r o -  
hygromete r s ,  M i l l i p o r e  f i l t e r  imp inge r s ,  M i l l i p o r e  f i l t e r  f i e l d  
m o n i t o r s ,  squa re -pak  f l a s k s ,  d i s p o s a b l e  and two-way s y r i n g e s ,  
m i s c e l l a n e o u s  j a r s ,  b o t t l e s ,  v i a l s ,  and p e t r i p l a t e s .  
5 
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Fig.  IV-3  Blower, Inlet Filter, and Outlet T r a p  
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B .  SPLIT SEAM 
S p l i t  seam i n s e r t i o n s  were made between one o f  t h e  i n n e r  i s o -  
l a t o r s  ( 4 x 4 ~ 3  112 f t )  and an e x t e r n a l  s t e r i l e  g love  bag ( F i g .  IV-1) .  
Male and female t r a n s f e r  bags were used t o  make t h e  s t e r i l e  i n s e r -  
t i o n s .  These v i n y l  bags were des igned  t o  f a c i l i t a t e  e a s e  of  p o s i -  
t i o n i n g  w i t h i n  one a n o t h e r  ( F i g .  IV-4) .  Po lye thy lene  p a r t i n g  
s t r i p s  ( 3  112x6 i n . )  were used t o  p r e v e n t  i n t e r n a l  s e a l i n g  o f  t h e  
v i n y l  w a l l s  d u r i n g  t h e  h e a t  s e a l i n g  p r o c e s s .  Double s i d e d  tape 
( F i g .  IV-4) was used  t o  a t t a c h  these  s t r i p s  t o  the  reduced p o r -  
t i o n  o f  t h e  male bag .  These bags  were a t t a c h e d  t o  t h e i r  r e s p e c -  
t i v e  1 2 - i n .  p o r t s  by duck s t r a p s  w i t h  Ve lc ro  b i n d i n g s .  The h e a t  
s e a l i n g  t o o l  was a s p e c i a l  thermal  impulse h e a t  s e a l e r  manufac- 
t u r e d  by t h e  Ver t rod  C o r p o r a t i o n  ( F i g .  I V - 5 ) .  
a nichrome r i b b o n  impulse h e a t e r  sys tem w i t h  T e f l o n  c o a t e d  s u r -  
f a c e s  t o  p reven t  adherence  of t h e  p l a s t i c s  t o  t h e  j a w s .  Cons i s -  
t e n t  and proper  p r e s s u r e  t o  t h e  jaws i s  t r a n s m i t t e d  through a 
v i s e  g r i p  h a n d l e .  Heat  and t ime o f  exposure  a r e  r e g u l a t e d  by 
t h e  e x t e r i o r  c o n t r o l  u n i t  ( F i g .  IV-6) .  A p o t t e d  Cannon connec to r  
i n  t h e  w a l l s  of  t h e  g love  bag provided  a s t e r i l e  c o n n e c t i o n  b e -  
tween t h e  c o n t r o l  u n i t  and t h e  h e a t e r  u n i t .  Decontaminat ion o f  
t h e  i s o l a t o r  and t h e  g love  bag was accomplished w i t h  Oxyfume 1 2 .  
S tandard  b i o a s s a y  and a s s o c i a t e d  mon i to r ing  equipment was used 
f o r  c o n t r o l s  and d e t e r m i n a t i o n  o f  con tamina t ion .  
This t o o l  uses  
C .  STERILE LOCK 
The s t e r i l e  l o c k  i n s e r t i o n  t echn ique  employed one of t h e  i n -  
n e r  i s o l a t o r s  ( 4 x 4 ~ 3  112 f t ) .  I t s  e n t r y  p o r t  c o n s i s t e d  of  a n  18 
i n .  d i ame te r  x 6 i n .  long  x 118 i n .  w a l l  ha rd  p l a s t i c  c y l i n d r i c a l  
s e c t i o n  taped  i n  p l ace  a s  an i n t e g r a l  p a r t  o f  one of  t h e  w a l l s  o f  
t h e  i n n e r  i s o l a t o r .  The e n t r y  p o r t  had i n n e r  and o u t e r  f l e x i b l e  
p l a s t i c  c a p s .  When the o u t e r  cap  was taped  i n  p l ace  and t h e  i n n e r  
cap  h e l d  i n  p l a c e  w i t h  a Velcro cap s t r a p ,  t h e  enc losed  volume 
formed the  l o c k  t o  be s t e r i l i z e d  by  e i t h e r  12% ET0 and 88% Freon  
1 2  o r  2 %  p e r a c e t i c  a c i d .  For 213 o f  the  i n s e r t i o n s ,  t h e  e n t r y  
p o r t  c o n s i s t e d  o f  f o u r  18 i n .  d i ame te r  c y l i n d r i c a l  s e c t i o n s  which 
were hea ted  by an  e l e c t r i c a l  h e a t i n g  b l a n k e t  ( F i g .  IV-7) .  Th i s  
a r rangement  formed a heated ET0 s t e r i l i z e r .  The h e a t e r  a r r a n g e -  
ment a p p r e c i a b l y  reduced the s t e r i l i z a t i o n  t ime and c o n c u r r e n t l y  
p e r m i t t e d  v e r i f i c a t i o n  of  t h e  a s s o c i a t e d  t empera tu re / t ime  c y c l e .  
To v e r i f y  t h e  e f f e c t i v e n e s s  o f  t h e  decon tamina t ion  t r e a t m e n t ,  
Spordex t e s t  s t r i p s  were used .  These s t r i p s  were ob ta ined  from 
t h e  American S t e r i l i z e r  Company. 
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D .  LEAKAGE THROUGH SMALL HOLES 
A s p e c i a l  t e s t  a p p a r a t u s  w a s  des igned  and f a b r i c a t e d  by 
Mar t in  Company f o r  t h i s  phase .  The a p p a r a t u s  ( F i g .  I V - 8  and I V -  
9 )  c o n s i s t e d  of a n  aluminum box ( 2 x 2 ~ 2  f t )  w i t h  a small  (9x9x9 
i n . )  p l a s t i c  i s o l a t o r  i n  each o f  t h e  f o u r  i n t e r n a l  lower c o r n e r s .  
Each small p l a s t i c  i s o l a t o r  had a small  c i r c u l a r  h o l e  i n  t h e  
f l e x i b l e  v i n y l  v e r t i c a l  w a l l .  The h o l e  s i z e  d i a m e t e r s  i n  e a c h  
Two small ( 2 x 2 ~ 2  f t )  f l e x i b l e  f i l m  i s o l a t o r s  were mounted e x t e r -  
n a l  t o  the aluminum box.  Each of  t h e s e  i s o l a t o r s  were connec ted  
by Tygon tub ing  t o  two of  t he  small  i n n e r  i s o l a t o r s  w i t h i n  t h e  
aluminum box. A s q u i r r e l  cage b lower ,  w i t h  a t t e n d a n t  f i l t e r ,  
o u t l e t  t r a p ,  and t u b i n g ,  w a s  used t o  i n f l a t e  a n  e x t e r n a l  i s o l a t o r  
and p r e s s u r i z e  two of  t h e  small  i n n e r  i s o l a t o r s .  A second s q u i r -  
r e l  cage  blower,  w i t h  i t s  s u c t i o n  s i d e  connec ted  t o  t h e  c a v i t y  of  
the aluminum box, w a s  used t o  remove a i r  from t h e  box.  Be o p e r -  
a t i n g  t h e  b lowers ,  a p r e s s u r e  d i f f e r e n t i a l  was c r e a t e d  c a u s i n g  
a i r f l o w  through t h e  small  h o l e  of e a c h  small i n n e r  i s o l a t o r  i n t o  
the  l a r g e r  aluminum box. The f u n c t i o n  o f  t h e  e x t e r n a l  f l e x i b l e  
i s o l a t o r s  was t o  p r o v i d e  a s t e r i l e  volume f o r  t h e  c o l l e c t i o n  o f  
specimens and performance of  a s s a y s .  Th i s  method e l i m i n a t e d  t h e  
p o s s i b i l i t y  o f  i n t r o d u c i n g  c o n t a m i n a t i o n  by e x t e r n a l  t r a n s f e r  t o  
a b r o t h  media. Thc aluminum box w a s  con tamina ted  w i t h  B a c i l l u s  
s u b t i l i s  va r  n i g e r .  
small  i s o l a t o r  were 1 / 8 ,  1!L, 1!2 2r.d ?,'& ; z . ,  _ _  L c a p e L i i v e l y .  - 
Each of t he  small  i n n e r  i s o l a t o r s  c o n t a i n e d  a r u b b e r  g love  
t h a t  w a s  used by t h e  o p e r a t o r  f o r  s i m u l a t e d  o p e r a t i o n s  i n s i d e  t h e  
i s o l a t o r .  Th i s  a c t i v i t y  c r e a t e d  i n t e r n a l  a i r  t u r b u l e n c e  f o r  d e -  
t e r m i n a t i o n  o f  p o s s i b l e  c o n t a m i n a t i o n .  
Measurements w i t h  a w a t e r  manometer i n d i c a t e d  t h a t  t h e  p r e s -  
s u r e  d i f f e r e n t i a l  a c r o s s  t h e  h o l e s  o f  t h e  small i n n e r  i s o l a t o r s  
v a r i e d  from 1/10 i n .  H 0 f o r  t h e  3 / 4  i n .  d i a m e t e r  h o l e  t o  1 / 4  i n .  
FI 0 f o r  the l / 8  i n .  d i ame te r  h o l e .  
2 
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V .  TEST METHOD 
A .  ISOLATOR STERILIZATION 
P r i o r  t o  commencing s t e r i l e  i n s e r t i o n  p rocedures ,  t he  i s o -  
l a t o r s  and a t t e n d a n t  plumbing were l e a k  t e s t e d  w i t h  a GE ha logen  
l e a k  d e t e c t o r .  Leak r a t e s  of 0.5 c c / y r  were d e t e c t e d  and e l i m i -  
n a t e d  by reworking plumbing c o n n e c t i o n s .  The i s o l a t o r s  had no 
l e a k s .  
The i s o l a t o r s  and glove bag f o r  s p l i t  seam i n s e r t i o n s  were 
decontaminated w i t h  12% ET0 a t  room tempera tu re  and ambient  p r e s -  
s u r e .  The t ime o f  exposure w a s  determined from a cu rve  provided 
by t h e  Wilmot-Castle Company of R o c h e s t e r ,  N e w  York f o r  t h e i r  
h o s p i t a l  g a s  s t e r i l i z e r  which o p e r a t e s  a t  approx ima te ly  3 p s i .  
The Wilmot-Castle exposure t ime w a s  modif ied t o  r e f l e c t  t h e  3 - p s i  
d i f f e r e n c e  between the  h o s p i t a l  s t e r i l i z e r  and i s o l a t o r  e n v i r o n -  
ments.  The r e s u l t i n g  exposure time c u r v e  i s  shown i n  F i g .  V - 1 .  
The e f f e c t  of  r e l a t i v e  humidity i s  shown i n  a n o t h e r  Wilmot-Cast le  
cu rve  ( F i g .  V - 2 ) .  Based on t h i s  c u r v e ,  a l l  decon tamina t ion  c y -  
c l e s  f o r  t h i s  c o n t r a c t  u s ing  ET0 were conducted a t  a r e l a t i v e  
humidi ty  o f  30 + - 5%. 
P r o c e d u r a l l y ,  t he  i s o l a t o r s  and g love  bag were decontaminated 
i n  the  f o l l o w i n g  manner: 
1) The i s o l a t o r  was c o l l a p s e d  t o  remove t h e  a i r ;  
2 )  A power atomizer  w a s  used t o  s p r a y  w a t e r  vapor  i n t o  
t h e  i s o l a t o r .  (A r e l a t i v e  humidi ty  r e a d i n g  of  50 t o  
60% on the  electrohygrome t e r  w a s  found e x p e r i m e n t a l l y  
t o  be needed a t  t h i s  phase t o  y i e l d  30 -t 5% i n  the  
l a t e r  o p e r a t i o n s  .); 
- 
3 )  ETO, a f t e r  pas s ing  through a copper c o i l  submerged i n  
h o t  w a t e r ,  was a d m i t t e d  t o  the  i s o l a t o r  and al lowed 
t o  f l o w  o u t  of a 1 - i n .  n i p p l e  u n t i l  a l l  r e s i d u a l  a i r  
w a s  purged.  When E T 0  w a s  f l owing  o u t  o f  t he  n i p p l e ,  
i t  w a s  v i s i b l e  a g a i n s t  t h e  p l a s t i c  i s o l a t o r  background; 
17 
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4 )  The 1 - i n ,  n i p p l e  was then  corked and t h e  i s o l a t o r  was 
s lowly  i n f l a t e d  w i t h  ETO. A f t e r  i n f l a t i n g  the  i s o l a -  
t o r ,  a d d i t i o n a l  ET0 was added and b l e d  o f f  as r e q u i r e d  
t o  a d j u s t  t h e  r e l a t i v e  humidi ty  t o  30 2 5%; 
5)  Exposure time was 1 7  hour s  a t  77'F; 
6 )  S t e r i l e  a i r  from a s q u i r r e l  cage blower was used t o  
purge the i s o l a t o r  o f  ET0 f o r  a minimum o f  t h r e e  h r .  
7 )  S t e r i l i t y  was v e r i f i e d  w i t h  Spordex t e s t  s t r i p s .  One 
s t r i p  w a s  p l aced  on the f l o o r  of t h e  i s o l a t o r  and one 
a t  t h e  high p o i n t  of  the i s o l a t o r  when i t  w a s  c o l -  
l a p s e d .  The l a t t e r  s t r i p  w a s  l o c a t e d  immediately 
above t h e  1 8 - i n .  e n t r y  p o r t .  The Spordex t e s t  s t r i p s  
were i n i t i a l l y  p l a t e d  i n  T r y p t i c a s e  Soy Agar (TSA) i n  
the  l a b o r a t o r y .  Th i s  procedure w a s  s u b s e q u e n t l y  modi- 
f i e d  t o  use T r y p t i c a s e  Soy Broth (TSB) w i t h  the  t e s t  
s t r i p s  i n s e r t e d  i n t o  tubes  i n s i d e  the  s t e r i l i z e d  i s o -  
l a t o r .  Th i s  change i n  procedure e l i m i n a t e d  t h e  p o s s i -  
b i l i t y  o f  con tamina t ion  d u r i n g  t r a n s f e r .  The Spordex 
c o n t r o l  s t r i p s  were checked by t h e  c o r r e s p o n d i n g  me t h -  
od i n  the  l a b o r a t o r y .  T y p i c a l  examples of  t h e  r e s u l t s  
o f  b o t h  methods a r c  shown i n  F i g .  V - 3  and V - 4 .  
B .  S P L I T  SEAM 
The o b j e c t  o f  t he  s p l i t  seam i n s e r t i o n s  i s  t o  t r a n s f e r  a r e p -  
r e s e n t a t i v e  s t e r i l e  r ep lacemen t  p a r t  from i t s  s p e c i a l  s t e r i l e  
package (glove bag)  i n t o  a second s t e r i l e  environment  ( i n n e r  
s t e r i l e  i s o l a t o r ) .  T h i s  t r a n s f e r  i s  accomplished by b r i n g i n g  
the  two p l a s t i c  u n i t s  i n t o  c o n t a c t ,  f u s i n g  them w i t h  h e a t ,  and 
forming a common chamber by a s t e r i l e  c i i t .  High s e n s i t i v i t y  t o  
contaminaLion was o b t a i n e d  i n  these e x p e r i m e n t s  from t h e  concen-  
t r a t e d  c louds  of B a c i l l u s  s u b t i l i s  vc1r n i g e r  i n  t he  room i s o l a t o r .  
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The s p l i t  seam t e s t s  were conducted as fo l lows :  
23 
A B a c i l l u s  s u b t i l i s  v a r  n i g e r  a tmosphere approximat -  
6 i n g  10 microorganisms/cu f t  was g e n e r a t e d  by a nebu-  
l i z e r  i n  t h e  room i s o l a t o r .  Exper imenta l  t e s t s  i n -  
d i c a t e d  t h a t  o p e r a t i o n  of  t h e  DeVi lb iss  n e b u l i z e r  f o r  
one hour  w i t h  a 10 organism/cc  s p o r e  s o l u t i o n  would 
provide  t h e  r e q u i r e d  c o n c e n t r a t i o n ;  
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Dens i ty  o f  t h e  s p o r e  c loud  w a s  a s sayed  by impinging 
1 c u  f t  o f  t h e  room i s o l a t o r  a tmosphere i n t o  a n  i m -  
p i n g e r  o f  s t e r i l e  wa te r  fo l lowed by a l i q u o t i n g  and 
p l a t i n g  f o r  assay  on TSB p l a t e s .  The impinger  w a s  
l o c a t e d  a t  t h e  o p p o s i t e  end o f  t h e  room i s o l a t o r  from 
the  n e b u l i z e r .  Th i s  l o c a t i o n  was s e l e c t e d  t o  e n s u r e  
a n  a s s a y  o f  a i r b o r n e  b a c t e r i a  w i t h  no o p p o r t u n i t y  f o r  
i n a d v e r t e n t  high r e s u l t s  by p rox imi ty  t o  the  n e b u l i z e r ;  
The g love  bag was b rough t  i n t o  the  i n t e r f a c e  a r e a  by 
g u i d i n g  the  male bag i n t o  the  female bag ( P o s i t i o n  1, 
F i g .  V-5) ; 
The s l e e v e  was p o s i t i o n e d  from t h e  1 2 - i n .  p o r t  o f  t h e  
room i s o l a t o r  on to  t h e  o u t e r  l i p  o f  t h e  g l o v e  bag 12- 
i n .  p o r t  (F ig .  I V - 1 )  t o  expose t h e  i n t e r f a c e  t o  t h e  
s p o r e  c loud;  
Opera to r  A e n t e r e d  t h e  g love  bag g loves  and a d j u s t e d  
t h e  bags  u n t i l  P o s i t i o n  1 ( F i g .  V-5) was o b t a i n e d ;  
Opera to r  A he ld  t h e  l e f t  edge of  the  bags w i t h  h i s  
l e f t  hand whi le  a n  a s s i s t a n t  he ld  t h e  r i g h t  edge 
through the  t h i r d  arm; 
Opera to r  A p o s i t i o n e d  the  clamp over  the  bags u n t i l  
t he  t r a i l i n g  edge of  t he  s e a l e r  was a l i g n e d  w i t h  t h e  
edge of  the  l i g h t  c o l o r e d  t ape  h o l d i n g  t h e  p a r t i n g  
s t r i p  ( t h e  gun was now over  the  p a r t i n g  s t r i p  and be -  
tween the  t ape  s t r i p s ) ;  
Opera tor  A he ld  t h i s  p o s i t i o n  b y  c lamping the  t o o l  
t e m p o r a r i l y  wi th  t h e  r i g h t  hand and f i n a l i z e d  the  
clamping w i t h  the l e f t  hand ( P o s i t i o n  2 ,  F i g .  V - 5 ) ;  
24 
P o s i t i o n  1 (Open) 
VOY -C R - 6 6 - 9 
P o s i t i o n  6 
P o s i t i o n  2 
-5hLh 
7-- 
P o s i t i o n  3 
P o s i t i o n  4 
P o s i t i o n  5 (Resea l )  
~ 
* R o l l  O u t  
P o s i t i o n  7 
P o s i t i o n  8 -- / - P u l l  
P o s i t i o n  9 
L C u t  Area  
F i g .  V - 5  Schematic  of  S p l i t  S e a l  Techn ique  
VOY-CR-66-9 
9 )  Clamping o f  t h e  t o o l  i n i t i a t e d  s e a l i n g ;  
10) The a s s i s t a n t  r e a c t i v a t e d  the t o o l  twice ( t o t a l  h e a t -  
i n g  of 3 c y c l e s  a t  N o .  8 c o n t r o l  s e t t i n g )  by s w i t c h -  
ing t h e  ON-OFF switch o f  t h e  c o n t r o l  unit; 
11) Opera to r  A r e l e a s e d  t h e  clamp approx ima te ly  30 s e c  
a f t e r  t h e  l a s t  h e a t  c y c l e  and c a r e f u l l y  p u l l e d  t h e  
p l a s t i c  from the  j a w s  ( P o s i t i o n  3 ,  F i g .  V - 5 ) ;  
1 2 )  Opera to r  A t o r e  t h e  remnant o f f  t h e  s e a l e d  a r e a  and 
opened t h e  s l o t  ( P o s i t i o n s  3 and 4 ,  F i g .  V - 5 ) ;  
13)  Opera to r  A peeled t h e  remainder  o f  t h e  p a r t i n g  s t r i p  
from t h e  i n n e r  bag s u r f a c e ;  
14)  Opera to r  A handed one of  t h e  r ep lacemen t s  i n t o  t h e  
i n n e r  i s o l a t o r ;  
15) Opera to r  B ,  i n s i d e  t h e  c a p t i v e  s u i t  of  t h e  i n n e r  i s o -  
l a t o r  r e c e i v e d  t h e  r ep lacemen t  p a r t ;  
1 6 )  Opera to r  B placed 7 5  c c  o f  s t e r i l e  H 0 i n t o  t h e  i m -  2 
p i n g e r  and s i g n a l e d  t h e  a i r  sampler  TURN ON ( a i r  
sampled a t  0 . 3  cfm);  
1 7 )  Operator  B removed t h e  p a r t  from the  t r u s s  and p l aced  
i t  i n t o  a 9-oz j a r  c o n t a i n i n g  2 oz o f  TSB; 
18)  Opera to r  B screwed t h e  r ep lacemen t  p a r t  o n t o  t h e  t r u s s  
and a f f i x e d  the connec to r  ; 
19) Opera to r  B dampened a gauze pad w i t h  s t e r i l e  w a t e r  and 
swabbed a l l  i n t e r i o r  i s o l a t o r  s u r f a c e s  i n c l u d i n g  the  
c a p t i v e  s u i t ;  
20) Opera to r  B placed t h e  swab i n t o  t h e  j a r  w i t h  t h e  p a r t  
and c l o s e d  t h e  j a r ;  
2 5  
21)  The f l u i d  i n  the impinger was drawn th rough  t h e  Milli- 
pore f i e l d  monitor w i t h  a 2-way s y r i n g e ;  
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Note: The f o l l o w i n g  t echn ique  was developed t o  a l l o w  r e -  
peated use of the t r a n s f e r  bags and i s o l a t o r s .  Th i s  meth- 
od a l lows  f o r  complete  s e p a r a t i o n  of  t h e  glove bag from 
the i s o l a t o r  w i t h o u t  b r e a k i n g  s t e r i l i t y  on e i t h e r  t he  bag 
o r  t he  i s o l a t o r ,  t hus  f a c i l i t a t i n g  r e p e a t e d  e x p e r i m e n t a l l y  
v a l i d  i n s e r t i o n s  w i t h o u t  r e p e a t i n g  the  ET0 s t e r i l i z a t i o n  
c y c l e .  
Opera to r  A r o l l e d  t h e  male bag s u f f i c i e n t l y  through 
cl lr  3 l i L  opening LO a i i o w  r e s e a l i n g  ( P o s i t i o n  5 ,  F i g .  L 1  
v-5) ; 
Opera to r  A h e l d  the  l e f t  s i d e  of  t h e  bag c o n f i g u r a -  
t i o n  w h i l e  a n  a s s i s t a n t  h e l d  the  r i g h t  edge through 
t h e  t h i r d  arm. The clamp w a s  f i x e d  o n t o  t h e  bags by 
Opera to r  A w i t h  t h e  l e a d i n g  edge o f  t h e  j a w  j u s t  
t ouch ing  t h e  n e x t  p a r t i n g  s t r i p  ( P o s i t i o n  6 ,  F i g .  
v -5) ;  
The t o o l  w a s  clamped by O p e r a t o r  A ,  t hus  i n i t i a t i n g  
s e  a1 i n g  ; 
The t o o l  w a s  r e a c t i v a t e d  by t h e  a s s i s t a n t  ( t o t a l  
h e a t i n g  c y c l e  of  2 c y c l e s  a t  No. 8 c o n t r o l  s e t t i n g ) ;  
The clamp w a s  r e l e a s e d  and the  remnant removed by 
Opera to r  A ( P o s i t i o n  7 ,  F i g .  V - 5 ) ;  
Operator  A r e c o n f i g u r e d  the  bags t o  P o s i t i o n  8 ( F i g .  
V-5) by pushing the  new s e a l  back th rough  t h e  o r i g i -  
n a l  s l i t ;  
Opera to r  A h e l d  the l e f t  bag s i d e  w h i l e  t h e  r i g h t  
s i d e  w a s  h e l d  by the a s s i s t a n t  t h rough  t h e  t h i r d  
arm ( P o s i t i o n  9 ,  F i g .  V - 5 ) ;  
The o r i g i n a l  s l i t  w a s  now r e s e a l e d  as i n  2 4 )  and 2 5 )  
( P o s i t i o n  9 ,  F i g .  V - 5 ) ;  
l’hc i>a!;s w c  rc’ pulled a w ~ y  From one a n o t h e r  and the  
slc.eve rc>iiiovccl, thus expos ing  the  c u t  a r e a  ( P o s i t i o n  
9 ,  F i g .  V - 5 )  t o  o u t c r  a c c e s s ;  
Tlic bags wcrc c u t  a p a r t  i n   lie c u t  a r e a  and the f l a g  
LI- i n i m c ~ t l  . 
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S t e r i l e  r ep lacemen t  o f  the t r a n s f e r  bags a l l o w s  f o r  c o n t i n u e d  
use  of  a s i n g l e  ET0 c y c l e  and the  p rocedures  f o r  t he  female bag 
are  enumerated: 
1) Opera to r  A a d j u s t s  t h e  bag t o  f i t  o n l y  o v e r  t he  o u t e r  
h a l f  o f  t h e  e n t r y  p o r t  l i p  by s lowly  t w i s t i n g  t h e  bag;  
2 )  The r ep lacemen t  b a g  i s  f i t t e d  o v e r  t h e  bag i n  p l a c e  
and t h e  e n t r y  p o r t  so t h a t  t h e  new bag i s  i n  d i r e c t  
c o n t a c t  w i t h  the p o r t  (blow up,  F i g .  V-6)--seam i s  
a d j u s t e d  t o  be h o r i z o n t a l ;  
3 )  O p e r a t o r  A f i x e s  t h e  new bag i n t o  p o s i t i o n  w i t h  a 
V e l c r o  s t r a p ;  
4 )  The o l d  bag i s  removed by r e a c h i n g  i n t o  the e n t r y  
p o r t  from t h e  o u t s i d e  and g e n t l y  p u l l i n g  t h e  bag i n  
t h e  d i r e c t i o n  shown ( F i g .  V-6) u n t i l  i t  f a l l s  away. 
The o p e r a t i o n  f o r  male bag r ep lacemen t  i s  i d e n t i c a l  t o  t h e  
female r ep lacemen t  e x c e p t  t h a t  i t  i s  done from t h e  i n n e r  i s o l a t o r  
c a p t i v e  s u i t  and t h e  bags a r e  f i r s t  r o l l e d  as shown i n  F i g .  V-6. 
C .  STERILE LOCK OPERATIONS 
The sequence of  t h e  s t e r i l e  l o c k  i n s e r t i o n s  comprises:  
(1) t h e  t r a n s f e r  of  a p r e v i o u s l y  wrapped and s t e r i l i z e d  component 
(Fig. V-7) and b i o a s s a y  suppor t  equipment th rough  a h i g h l y  con- 
t amina ted  environment;  (2) placement of t h e  component and b i o -  
a s s a y  equipment i n  t h e  e n t r y  p o r t  of t h e  s t e r i l e  l o c k  i s o l a t o r ;  
(3)  s t e r i l i z a t i o n  of t h e  l o c k  c a v i t y  w i t h  ET0 o r  p e r a c e t i c  a c i d ;  
( 4 )  t r a n s f e r  of t h e  i t ems  i n t o  t h e  i s o l a t o r  a f t e r  a i r  pu rg ing  of 
t h e  l o c k ;  (5) s i m u l a t e d  replacement  w i t h  t h e  i n s e r t e d  p a r t ;  ( 6 )  
o b t a i n i n g  b i o a s s a y  samples from t h e  a i r ,  i n t e r n a l  wa l l s  and cap -  
t i v e  s u i t ,  and t h e  p a r t ;  (7) removal of t h e  samples through t h e  
l o c k ;  and (8) i n c u b a t i o n  and a s s a y  i n  t h e  s t e r i l i z a t i o n  l a b o r a -  
t o r y .  
2 7  
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The s t e r i l e  l o c k  i n s e r t i o n  i s  done as f o l l o w s :  
1) One c c  of c o n c e n t r a t e d  B a c i l l u s  s u b t i l i s  var  niger 
( B .  g l o b i g i i )  (3.8x109/cc) i s  mixed w i t h  250 cc of  
s t e r i l e  w a t e r  i n  a n e b u l i z e r ;  
2 )  The n e b u l i z e r  ( o n  a d a i l y  b a s i s  w i t h  a f r e s h  b a c t e r i a l  
s u s p e n s i o n )  i s  placed i n  t h e  room i s o l a t o r  and o p e r a t e s  
€ o r  a minimum of  one h r  ( n e b u l i z a t i o n  r a t e  i s  113 c c /  
r n i r . . ! t C '  / ,  - 
3 )  I n  a l l  r u n s ,  t h e  f o l l o w i n g  i tems a r e  c o n t a i n e d  i n  the  
i s o l a t o r  as a minimum ( F i g .  V - 8 ) ;  
a )  One f i e l d  mon i to r ,  
b )  One two-way s y r i n g e ,  
c )  One d i s p o s a b l e  s y r i n g e ,  
d )  One ja r  and c a p ,  
e )  One v i a l  of  TSB, 
f )  One square-pak f l a s k  of TSB, 
g )  One p r e v i o u s l y  t r a n s f e r r e d  component mounted t o  
a t r u s s  s t r u c t u r e  , 
h )  One square-pak f l a s k  of s t e r i l e  w a t e r ,  
i )  One gauze swab (4x4 i n . ) ,  
j )  One impinger;  
4 )  P l a c e  t h e  component, two Spordex t e s t  s t r i p s ,  and 
any o t h e r  s u p p o r t  equipment t o  be t r a n s f e r r e d  i n  t h e  
e n t r y  p o r t  o f  t h e  s t e r i l e  i s o l a t o r  ( F i g .  V-9);  
5) Using a hand a t o m i z e r ,  s p r a y  w a t e r  vapor  i n t o  the  
e n t r y  p o r t ;  
6 )  Secure t h e  o u t e r  p l a s t i c  c a p  o f  t h e  e n t r y  p o r t  w i t h  
v i n y l  t a p e ;  
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7 )  Admit ET0 t o  the c a v i t y ,  b l e e d ,  and r e a d m i t  ET0 un- 
t i l  t h e  r e l a t i v e  humidi ty  i s  s t a b l e  a t  30 i- - 5%. A t  
t h i s  p o i n t ,  two d i f f e r e n t  exposure  c y c l e s  a r e  used .  
The f i r s t  7 i n s e r t i o n s  used t h e  room tempera tu re  
c y c l e  shown i n  F ig .  V - 1 .  
- Note: While t h e s e  i n s e r t i o n s  were b e i n g  
made, our  s t e r i l i z a t i o n  l a b o r a t o r y  
developed a h e a t e d  e n t r y  p o r t .  T h i s  
equipment shows 100% k i l l  a t  a h o t  CY- 
c l e  of 140°F and 30 t 5% r e l a t i v e  hu- 
mid i ty  a f t e r  a n  exposure  t ime of  two 
h r .  The l a s t  16 s t e r i l e  l ock  i n s e r -  
t i o n s  were made w i t h  t h i s  l ock  a s  
shown i n  F i g .  IV-7.  Exposure t i m e  
i s  inc reased  t o  3 h r  t o  provide  a 
s a f e t y  margin.  
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8) The e n t r y  p o r t  i s  v e n t i l a t e d  w i t h  s t e r i l e  a i r .  Time 
of  v e n t i l a t i o n  v a r i e s  w i t h  t h e  i t ems  i n s e r t e d .  Ven- 
t i l a t i o n  i s  stopped when no t r a c e s  o f  decon tamina t ing  
gas  a r e  observed a t  t h e  exhaus t  of  t h e  o u t l e t  t r a p .  
T h i s  procedure  i s  deemed mandatory t o  guard a g a i n s t  
i n t r o d u c t i o n  of ET0 i n t o  t h e  s t e r i l e  i s o l a t o r .  
9 )  The o p e r a t o r  e n t e r s  from below t h e  c a p t i v e  s u i t  i n  
t h e  s t e r i l e  i s o l a t o r  and t r a n s f e r s  t h e  c o n t e n t s  of 
t h e  e n t r y  p o r t  i n t o  t h e  i s o l a t o r  by p a r t i a l l y  remov- 
i n g  t h e  i n n e r  p l a s t i c  e n t r y  p o r t  cap ;  
10) Both Spordex s t r i p s  a r e  p laced  i n  a capped v i a l  o r  
b o t t l e  of  TSB; 
11) A s imula t ed  rep lacement  o p e r a t i o n  i s  performed by 
t h e  o p e r a t o r  us ing  t h e  i n s e r t e d  p a r t ;  
1 2 )  An empty s t e r i l e  j a r  i s  p a r t i a l l y  f i l l e d  w i t h  s t e r i l e  
TSB. The component i s  removed from t h e  t r u s s  and 
p l aced  i n  the  j a r  of  TSB; 
13)  A gauze pad i s  dampened w i t h  s t e r i l e  wa te r  and t h e  
o p e r a t o r  swabs a l l  i n n e r  s u r f a c e s  of  t he  i s o l a t o r  
i n c l u d i n g  t h e  c a p t i v e  s u i t ;  
14)  The swab i s  placed i n  a j a r  of TSB and s e a l e d ;  
15) Seven ty - f ive  cc o f  s t e r i l e  w a t e r  i s  p laced  i n  t h e  
s t e r i l e  l ock  impinger;  
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1 6 )  The vacuum pump i s  a c t i v a t e d  t o  draw the  i s o l a t o r  a i r  
through the impinger .  A minimum c y c l e  o f  3 h r  a t  0 .3  
cu f t l r n i n u t e  i s  used t o  draw t h e  complete  volume of 
a i r  through the  impinger;  
1 7 )  The w a t e r  i n  the  impinger i s  drawn through a f i e l d  
monitor  w i t h  a two-way s y r i n g e ;  
18) The f i e l d  monitor  i s  i n o c u l a t e d  w i t h  TSB u s i n g  a d i s -  
nncahle c . ~ v ~ - - - .  -, L “.6L , , - -  
1 9 )  The j a r  of  TSB, t he  v i a l  w i t h  Spordex s t r i p s ,  and t h e  
i n o c u l a t e d  f i e l d  monitor  a r e  p l aced  i n  the e n t r y  p o r t ;  
20)  The p o r t  i s  s e a l e d  w i t h  the  i n n e r  e n t r y  p o r t  cap  t o  
p r e v e n t  con tamina t ion  of t he  i s o l a t o r  when the  o u t e r  
cap i s  opened; 
2 1 )  The o u t e r  cap  of  the e n t r y  p o r t  i s  opened.  The j a r ,  
v i a l ,  and f i e l d  monitor  a r e  t r a n s f e r r e d  from t h e  e n -  
t r y  p o r t  i n t o  the e n t r y  p o r t  of t he  room i s o l a t o r .  
These i tems a r e  subsequen t ly  removed from t h e  room 
i s o l a t o r  p o r t  and c a r r i e d  t o  the  s t e r i l i z a t i o n  l a b -  
o r a  t o r y  ; 
2 2 )  While the  i n s e r t i o n  i s  b e i n g  made, S t e p s  4 ) ,  51, and 
6), a n  impinger w i t h  75 c c  o f  s t e r i l e  w a t e r  i s  con-  
c u r r e n t l y  sampling 1 cu  f t  o f  a i r  from t h e  room i s o -  
l a t o r  t o  measure the c o n c e n t r a t i o n  o f  room i s o l a t o r  
c o n t a m i n a t i o n ;  
2 3 )  The j a r s ,  f i e l d  mon i to r ,  and v i a l  w i t h  Spordex s t r i p s  
a r e  p l aced  i n  a n  i n c u b a t o r .  The w a t e r  sample from 
the  room i s o l a t o r  i s  a l i q u o t t e d ,  p l a t e d  on TSA,  and 
i n c u b a t e d .  A p l a t e  of a t y p i c a l  room i s o l a t o r  a i r  
sample i s  shown i n  F i g .  V - 1 0 .  
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Twenty-three of  t h e  above i n s e r t i o n  c y c l e s  were made. Three 
more were made u s i n g  p e r a c e t i c  a c i d .  The M a r t i n  s t e r i l i z a t i o n  
l a b o r a t o r y  determined t h a t  a 5-minute exposure t o  1% p e r a c e t i c  
a c i d  would g i v e  100% k i l l .  For the t h r e e  i n s e r t i o n s ,  a 20-min- 
Ute exposure t o  a 2% p e r a c e t i c  a c i d  s o l u t i o n  c o n t a i n i n g  0 .1% Joy 
d e t e r g e n t  was u s e d .  The procedure f o r  ET0 decon tamina t ion  was 
used w i t h  t h e  e x c e p t i o n  t h a t  t he  e n t r y  p o r t ,  exposed s u r f a c e  of 
the e n t r y  p o r t  i n n e r  c a p ,  t he  i n n e r  s u r f a c e  of  t h e  o u t e r  c a p ,  and 
the i n s e r t i o n  component were sp rayed  w i t h  p e r a c e t i c  a c i d  from a 
hand a t o m i z e r .  A f t e r  t h e  n l l t Ie r  r ? ~  :::s t zped  ~ I L  p i d c e ,  cne p i u m b -  
i ng  from the s t e r i l e  a i r  f i l t e r  i n t o  the  e n t r y  p o r t  and from t h e  
e n t r y  p o r t  t o  t he  o u t l e t  t r a p  w a s  s t e r i l i z e d  a s  a u n i t  w i t h  a 
power a tomize r  c o n t a i n i n g  a 2% p e r a c e t i c  a c i d  and 0.1% d e t e r g e n t  
s o l u t i o n .  A f t e r  t he  20-minute s t e r i l i z a t i o n  e x p o s u r e ,  t he  e n -  
c l o s e d  e n t r y  p o r t  was d r i e d  w i t h  s t e r i l e  a i r  f o r  1 1 / 2  h r .  The 
o p e r a t i o n s  w i t h i n  the  e n t r y  from below c a p t i v e  s u i t  were i d e n t i -  
c a l  t o  those f o r  t h e  ET0 c y c l e  w i t h  the e x c e p t i o n  of  v e r i f y i n g  
s t e r i l i t y  w i t h i n  the  e n t r y  p o r t .  I n s t e a d  of  u s i n g  Spordex s t r i p s ,  
3 swube t u b e s  and TSB were used t o  swab t h e  e n t r y  p o r t  s u r f a c e s .  
One swube tube was used t o  swab the  c y l i n d r i c a l  p o r t i o n  o f  the 
e n t r y  p o r t ,  one was used t o  swab the  i n n e r  s u r f a c e  of  t h e  o u t e r  
c a p ,  and one was used t o  swab t h e  i n n e r  s u r f a c e  o f  t h e  i n n e r  c a p .  
Swube tubes were used i n  p l a c e  o f  Spordex s t r i p s  because i t  was 
s u s p e c t e d  t h a t  Spordex s t r i p s ,  i f  n o t  f u l l y  d r i e d ,  would make t h e  
TSB t o x i c .  The swube tubes  were shaken i n  a t e s t  t ube  shake r  
p r i o r  t o  i n c u b a t i o n .  F i g .  V - 1 1  shows 3 swube tubes  from t h e  f i r s t  
p e r a c e t i c  a c i d  s t e r i l i z a t i o n  c y c l e .  
D .  ASSAY E F F I C I E N C Y  
To v e r i f y  i f  t he  a s s a y  p rocedures  d e s c r i b e d  above were s u f -  
f i c i e n t  t o  d e t e c t  c o n t a m i n a t i o n ,  two c o n t r o l l e d  n o n s t e r i l e  i n -  
s e r t i o n s  were made. These n o n s t e r i l e  i n s e r t i o n s  were accom- 
p l i s h e d  by o m i t t i n g  t h e  E T 0  d e c o n t a m i n a t i o n  s t e p  i n  the  p r o c e d u r e .  
Since these  i n s e r t i o n s  were d e l i b e r a t e l y  n o n s t e r i l e ,  Spordex 
s t r i p s  were n o t  used t o  v e r i f y  s t e r i l i t y  o f  t he  e n t i r e  p o r t  l o c k .  
A l l  a s s a y s  d e t e c t e d  c o n t a m i n a t i o n .  
An i n d i r e c t  check was also o b t a i n e d  from a n  unplanned e v e n t .  
Runs 1 2 ,  1 3 ,  and 14 showed c o n t a m i n a t i o n  t h a t  w a s  t r a c e d  t o  a 
sma l l  opening a t  t he  improvised c o n n e c t i o n  of  t h e  r e l a t i v e / h u m i d -  
i t y  w i r e  connec to r .  A s  shown i n  T a b l e  VI-1, t h i s  lower l e v e l  
con tamina t ion  w a s  a l s o  directcbd by al l  a s s a y s .  
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E .  LEAKAGE THROUGH SMALL HOLES 
The o b j e c t  of t h i s  t e s t  was t o  de t e rmine  i f  con tamina t ion  
would occur i n  a f l e x i b l e  f i l m  i s o l a t o r  w i t h  p r e e s t a b l i s h e d  
h o l e s .  Since a i r  w i l l  e g r e s s  from the  i n f l a t e d  i s o l a t o r  through 
t h e  h o l e ,  t h e  experiment  i n v e s t i g a t e d  b o t h  normal and s i m u l a t e d  
o p e r a t i n g  t u r b u l e n t  c o n d i t i o n s  i n s i d e  t h e  i s o l a t o r .  
P r i o r  t o  t h e  t e s t ,  a p r t e g e  ~5 s t c r i ; ~  ca ic ium a i g i n a t e ,  
s t e e l  tweezers ,  and 10 small  s t o p p e r e d  b o t t l e s  o f  TSB were p l aced  
i n  the e x t e r n a l  f l e x i b l e  f i l m  i s o l a t o r s  used e x t e r n a l l y  f o r  b i o -  
a s s a y  o p e r a t i o n s .  The o u t e r  cap  w a s  t hen  taped t o  t h e  e n t r y  p o r t  
of  each f l e x i b l e  f i l m  i s o l a t o r .  The e n t i r e  assembly,  compr i s ing  
t h e  i n n e r  c a v i t y  of  the aluminum box, t h e  f o u r  small  i n n e r  i s o -  
l a t o r s ,  the two f l e x i b l e  f i l m  i s o l a t o r s  w i t h  b o t t l e s ,  tweezers  , 
and package of  calcium a l g i n a t e  and a t t e n d a n t  a i r  t u b i n g  from the  
downstream s i d e  of  t he  f i l t e r s  ( t h e  f i l t e r s  were p r e v i o u s l y  a u t o -  
c l a v e d )  were decontaminated f o r  1 h r  w i t h  a 2% p e r a c e t i c  a c i d  
0.1% Joy d e t e r g e n t  s o l u t i o n .  The a i r  supp ly  was then  t u r n e d  on 
t o  p e r m i t  t he  system t o  d ry  o u t  o v e r  a weekend. 
On a d a i l y  b a s i s ,  a calcium a l g i n a t e  p lug  was dipped i n  TSB 
from one of t h e  b o t t l e s  i n  one of  t he  f l e x i b l e  f i l m  i s o l a t o r s ,  
and t h e  plug was then  i n s e r t e d  w i t h  tweeze r s  i n  t h e  Tygon tube  
c o n n e c t i n g  one of  t h e  i n n e r  i s o l a t o r s  t o  i t s  f l e x i b l e  f i l m  i s o -  
l a t o r .  A f t e r  a l l  f o u r  p lugs  were i n  p l a c e  (one f o r  each i n n e r  
6 
i s o l a t o r ,  30 x 10  b i o t a  ( B a c i l l u s  s u b t i l i s  v a r  n i g e r )  were nebu- 
l i z e d  i n t o  t h e  aluminum box. A sma l l  s q u i r r e l  cage  blower i n  t h e  - 
box was used t o  d i s t r i b u t e  and keep  t h e  b a c t e r i a  a i r b o r n e .  The op- 
e r a t o r  t hen  placed h i s  hand i n  each  g l o v e  of each  i n n e r  i s o l a t o r ,  
tapped t h e  w a l l s  r e p e a t e d l y  on e a c h  i n n e r  i s o l a t o r ,  and withdrew 
h i s  hand. T h i s  a c t i v i t y  s imula t ed  i n t e r n a l  o p e r a t i o n s  and a s s o c i -  
a t e d  t u r b u l e n c e  i n  each i n n e r  i s o l a t o r .  The c a l c i u m  a l g i n a t e  p l u g s  
were removed and p l aced  i n  i n d i v i d u a l  b o t t l e s  o f  TSB t o  cove r  t h e  
t u r b u l e n t  p e r i o d .  N e w  calcium a l g i n a t e  p l u g s  were i n s e r t e d  and 
t h e  a i r f l o w  c o n t i n u e d  ove r  n i g h t .  P r i o r  t o  b e g i n n i n g  t h e  n e x t  
d a i l y  p rocedure ,  t he  a l g i n a t e  p lugs  were p l a c e d  i n  i n d i v i d u a l  
b o t t l e s  of  TSB and al lowed t o  i n c u b a t e  i n  t h e  f l e x i b l e  f i l m  i s o -  
l a t o r s .  T h i s  type oL s t e r i l e  a s s a y  was chosen  t o  e l i m i n a t e  chance 
con tamina t ion  d u r i n g  t r a n s i e r  . F r e s h  c u l t u r e  s u s p e n s i o n s  were 
used d a i l y .  
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V I .  TEST RESULTS 
A .  SPLIT SEAM 
Twenty-eight  t es t s  ( i n s e r t i o n s )  were made d u r i n g  t h e  c o n t r a c t  
e x p e r i m e n t a l  p e r i o d .  The r e s u l t s  of  t h e s e  t e s t s  a r e  shown i n  
Tab le  V I - 1 .  The e a r l y  t es t s  were used f o r  development o f  t h e  s p l i t  
seam t e c h n i q u e  i n c l u d i n g  o p e r a t o r  t r a i n i n g ,  e s t a b l i s h m e n t  and v e r i -  
f i c a t i o n  of p rocedures ,  and i n v e s t i g a t i o n  o f  a l t e r n a t e  a p p l i c a t i o n s  
of  t h e  h e a t i n g  t o o l .  T e s t  1 w a s  conducted as a n  i n i t i a l  check of 
proposed p rocedures .  Contaminat ion o c c u r r e d ,  due a p p a r e n t l y  t o  
i n a d e q u a t e  i n i t i a l  s t e r i l i t y  o f  t h e  equipment.  P r i o r  t o  T e s t  2 ,  
t h e  procedure f o r  i s o l a t o r  s t e r i l i z a t i o n  was a l t e r e d  t o  monitor  
and c o n t r o l  r e l a t i v e  humidi ty  i n  acco rdance  w i t h  t h e  o p t i m i z a t i o n  
c u r v e s  ( F i g .  V-2) as f u r n i s h e d  by Wilmot-Cast le .  These c u r v e s  
show t h a t  t h e  i n i t i a l  s t e r i l i z a t i o n  a t t e m p t  ( T e s t  1) would have 
invo lved  t h a t  p o r t i o n  o f  F i g .  V-2 below 10% r e l a t i v e  humid i ty .  
Tes t s  2 and 3 were s t e r i l e .  Both T e s t s  2 and 3 r e q u i r e d  complete  
r e s t e r i l i z a t i o n  p r i o r  t o  t e s t .  T e s t s  4 ,  5 ,  6 ,  7 ,  8 ,  and 9 d i d  
n o t  r e q u i r e  r e s t e r i l i z a t i o n  between r u n s  and were c o n t i n g e n t  up- 
on t h e  same i n i t i a l  s t e r i l i z a t i o n .  T e s t s  4 ,  5 ,  and 6 were s t e r i l e .  
I n  T e s t  7 ,  t h e  a s s a y  j a r  showed c o n t a m i n a t i o n ,  i n  T e s t s  8 and 9 ,  
b o t h  t h e  a s s a y  j a r s  and a i r  samples showed c o n t a m i n a t i o n .  A s p l i t  
about  1 i n .  l ong  was found i n  t h e  underarm seaming of t h e  c a p t i v e  
s u i t .  T h i s  seam was r e p a i r e d  w i t h  v i n y l  g l u e  and t h e  i s o l a t o r s  
r e s t e r i l i z e d .  T e s t s  10 th rough  17 were c o n t i n g e n t  upon t h e  same 
i n i t i a l  s t e r i l i z a t i o n  c y c l e .  A l l  t e s t s  were s t e r i l e .  (Replace-  
ment male and female bags were i n c o r p o r a t e d  a f t e r  T e s t  1 3 . )  
S p e c i a l  swabbing c a r e  was given t o  t h e  a r e a s  invo lved  i n  t h e  bag 
r ep lacemen t .  Subsequent T e s t s  1 4  t h r o u g h  17 were s t e r i l e . )  P r i o r  
t o  Tes t  18, b o t h  i s o l a t o r s  were opened, examined, and r e s t o c k e d  a s  
r e q u i r e d .  New bags were a t t a c h e d  and t h e  system was r e s t e r i l i z e d .  
T e s t s  18, 1 9 ,  and 20 were conduc ted ;  however, t e s t i n g  was s topped 
a t  t h i s  p o i n t  a s  a r i p  was no ted  i n  an a l t e r a t i o n  seam o f  t h e  €e- 
male bag. T e s t s  18, 1 9 ,  and 20 a l l  showed c o n t a m i n a t i o n  b o t h  i n  
t h e  a s s a y  j a r s  and a i r  samples.  P r i o r  t o  T e s t  21, new bags were 
a t t a c h e d  t o  t h e  i s o l a t o r s ,  and t h e  system was s t e r i l i z e d .  T e s t s  
2 1  t h r o u g h  28 were a l l  c o n t i n g e n t  upon t h i s  s t e r i l i z a t i o n .  T e s t s  
21 t h r o u g h  28 were s t e r i l e .  (The s e a l i n g  bags were r e p l a c e d  p r i o r  
t o  T e s t  25.  Again, s p e c i a l  swabbing was used a f t e r  t h e  r e p l a c e -  
ment .) 
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Table VI-1 S p l i t  Seam Data Sheet 
[nser  t i o n  
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18 
1 9  
20 
2 1  
22  
23 
24 
25 
26 
27 
28 
Background 
Level x 106 
3.2 
3 .O 
3.4  
4.1 
4.7 
4 .1  
4 .1  
4.1 
4 . 1  
1 .8  
1 .8  
1 .8 
1 .8 
1 .8  
1 .8 
1.8 
1 .8  
2 . 6  
2 .6  
2 .6 
1 . 5  
1 . 5  
1 .5  
1.5 
1 .5  
1.5 
1 . 5  
1 . 5  
5 -Day 
S t a t u s  
Contaminated 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Contaminated 
Contaminated 
Contaminated 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Contaminated 
Contaminated 
Contaminated 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Inner  I s o l a t o r  
Impinger 
Contaminated 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Contaminated 
Contaminated 
Contaminated 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Contaminated 
contaminated 
Con tamina Led 
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
S t e r i l e  
Remarks 
No Apparent Leak, RH% Cons idera t ions  
Changed Standing Opera t ing  Procedure 
i n  Regard t o  ETO/RH Cycle 
Leak Found i n  Seam i n  Capt ive S u i t  
Caused Contamination i n  Tests 7 ,  
8 ,  and 9 
New Bags and R e s t e r i l i z a t i o n  
Both Male and Female Bags Switched 
P r i o r  t o  T e s t  14 ;  Spec ia l  Swabbing 
A t t e n t i o n  Given t o  Outer  Drum and 
New Bag I n t e r i o r  
New Bags and R e s t e r i l i z e  P r i o r  t o  T e s t ;  
Bag Found t o  Have Ripped a t  P o i n t  of  
A l t e r a t i o n ,  Caused Contamination i n  
New Bags and R e s t e r i l i z e d  
Tests 1 8 ,  1 9 ,  20 
Bags Renewed P r i o r  t o  t h i s  Tes t  
\ A  
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B .  STERILE LOCK 
Twenty-eight  t e s t s  ( i n s e r t i o n s )  were a t t e m p t e d .  Of t h e s e ,  
two were d e l i b e r a t e l y  contaminated t o  v e r i f y  a s s a y  t e c h n i q u e s ,  
Of t h e  r ema in ing  t w e n t y - s i x ,  23 used E T 0  and 3 used p e r a c e t i c  
a c i d .  All of t h e  p e r a c e t i c  a c i d  a t t e m p t s  were s t e r i l e .  Of t h e  
t w e n t y - t h r e e  ET0 t e s t s ,  t h r e e  were contaminated (12,  13 and 14)  
and twenty were germ-free.  T a b l e  V I - 2  summarizes t h e  t e s t  r e -  
s u l t s .  
The cause  of the con tamina t ion  of  T e s t s  1 2 ,  13,  and 14 i s  
shown i n  F i g .  V I - 1 .  The wire  l e a d  t o  t h e  remote r e l a t i v e  humid- 
i t y  s e n s o r ,  which had been taped t o  t h e  o u t e r  cap  o f  t h e  e n t r y  
p o r t ,  had p u l l e d  l o o s e  l e a v i n g  a l e a k  p a t h  i n t o  t h e  s t e r i l e  c a v i -  
t y .  T h i s  c o n d i t i o n  w a s  d i scove red  a t  t h e  b e g i n n i n g  o f  T e s t  15 
and c o n c u r r e n t l y  d e t e c t e d  i n  t h e  b i o a s s a y s  from T e s t  1 2 .  A f t e r  
r e p a i r  o f  t h i s  c o n n e c t i o n ,  no con tamina t ion  o c c u r r e d  i n  a l l  sub -  
sequen t  r u n s ,  t h u s  a f  f irming t h e  c a u s e .  
I n  t h e  e x p e r i m e n t a l  phase p r i o r  t o  t h e  f i r s t  i n s e r t i o n ,  two 
problems were e n c o u n t e r e d .  The f i r s t  stemmed from contaminated 
ET0 c y l i n d e r s  d e p o s i t i n g  o i l  i n  t h e  l i n e s .  T h i s  problem w a s  rec-  
t i f  i e d  by r ep lacemen t  ET0 c y l i n d e r s .  No d i f f i c u l t y  was encoun- 
t e r e d  i n  the  program a f t e r  t h e s e  changes .  
The second problem was a s s o c i a t e d  w i t h  t h e  u s e  of  ET0 i n  gno- 
t o b i o t i c  i s o l a t o r s  designed f o r  p e r a c e t i c  a c i d .  S ince  p e r a c e t i c  
a c i d  c r e a t e s  e s s e n t i a l l y  no p r e s s u r e  i n  t h e  s t e r i l e  l o c k ,  t h e  
s e a l s  a r e  n o t  des igned  t o  o p e r a t e  w i t h  a p r e s s u r e  d i f f e r e n t i a l .  
With ETO, t h e  p r e s s u r e  i n  the  c a v i t y  w a s  s u f f i c i e n t  t o  overcome 
the  r e t a i n i n g  hoop t e n s i o n  of  t h e  r e t a i n i n g  r i n g  and cause  t h e  
i n n e r  c a p  t o  pop o f f  i n t o  the  s t e r i l e  i s o l a t o r .  Th i s  c o n d i t i o n  
would c a u s e  con tamina t ion  of t he  s t e r i l e  i s o l a t o r .  To remedy 
t h i s  d e s i g n  d e f i c i e n c y ,  the rubbe r  r e t a i n i n g  r i n g  w a s  r e p l a c e d  
by a duck s t r a p  w i t h  Velcro h o l d i n g  s u r f a c e s .  Th i s  change s o l v e d  
the  problem, and no f u r t h e r  t r o u b l e  was e x p e r i e n c e d .  F i g u r e  V I - 2  
shows b o t h  the  r u b b e r  r e t a i n i n g  r i n g  and t h e  duck cap s t r a p  t h a t  
r e p l a c e d  i t ,  h o l d i n g  t h e  i n n e r  cap  i n  p l a c e  on t h e  e n t r y  p o r t  of 
t he  s t e r i l e  i s o l a t o r .  
The t h r e e  pe race  t i c  ac id  i n s e r t i o n s  showed no c o n t a m i n a t i o n .  
Although t h i s  i s  a l i m i t e d  sample,  t h e  d a t a  a f f i r m s  g n o t o b i o t i c  
e x p e r i e n c e  w i t h  p e r a c e t i c  a c i d  i n s e r t i o n s .  
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C .  ASSAY EFFICIENCY 
Two c o n t r o l l e d  n o n s t e r i l e  i n s e r t i o n s ,  t o  v e r i f y  a s s a y  e f f i -  
c i e n c y ,  i n d i c a t e d  t h a t  the  a s say  t echn iques  used were adequa te  t o  
d e t e c t  con tamina t ion .  Both i n s e r t i o n  c y c l e s  produced t o o  numer- 
ous  t o  coun t  f i e l d s  on t h e  f i e l d  moni tors  from t h e  impinger  a i r  
samples  i n s i d e  t h e  i s o l a t o r .  Each t e s t  showed h i g h  b a c t e r i a l  
growth w i t h  r e d  p e l l i c l e s  i n s i d e  t h e  a s s a y  j a rs .  
D .  LEAKAGE THROUGH SMALL HOLES 
The t e s t  r a n  con t inuous ly  f o r  t h r e e  weeks.  No con tamina t ion  
w a s  e v i d e n t  from any of t h e  f o u r  h o l e  s i z e s  i n  t h e  i n n e r  i s o l a t o r s .  
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APPENDIX A 
LABORATORY SUPPORT 
The Mar t in  s t e r i l i z a t i o n  l a b o r a t o r y  (F ig .  A - 1 )  p rovided  sup-  
p o r t  f o r  t h e  work performed on NASA C o n t r a c t  NASW-1407. I n  a d d i -  
t i o n  t o  p rov id ing  TSB media and o t h e r  s u p p o r t  equipment a c c o r d i n g  
t o  s t a n d a r d s  l i s t e d  below, a Model 4 P r e c i s i o n  S c i e n t i f i c  Company 
i n c u b a t o r  ( F i g .  A-2) w a s  p rovided  f o r  t h e  i n c u b a t i o n  a t  32OC of 
spo re  s t r i p s ,  f i e l d  mon i to r s ,  and a s s a y  j a rs .  
The TSB used f o r  a s s a y i n g  w a s  a s t a n d a r d  dehydra ted  media 
s u p p l i e d  by Bal t imore  B i o l o g i c a l  L a b o r a t o r i e s .  
The fo l lowing  procedures  were used i n  t h e  l a b o r a t o r y  t o  s t e r i -  
l i z e  t h e  equipment and media used f o r  a l l  phases  of  t h i s  c o n t r a c t :  
1) Component ( I n s e r t i o n )  P a r t ;  
a )  Wrapped i n  brown pape r ,  
b )  Then wrapped i n  aluminum f o i l ,  
c )  Dry h e a t  s t e r i l i z e d  a t  175°C f o r  4 h r ,  
2 )  Jars; 
a )  Wrapped i n  brown pape r ,  
b )  Heat s t e r i l i z e d  a t  175°C f o r  4 h r s ,  
3 )  Jar L i d s ;  
a )  Wrapped i n  brown pape r ,  
b )  Autoclaved f o r  15  minutes  a t  121°C and 15  p s i ,  
c )  Dry h e a t  d r i e d  a t  125°C f o r  1 1 / 2  h r ,  
4 )  Gauze Pads;  
a )  Wrapped i n  brown pape r ,  
b )  Then wrapped i n  aluminum f o i l ,  
c )  Dry h e a t  s t e r i l i z e d  a t  175°C f o r  4 h r ,  
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5) Impinger;  
a )  Wrapped i n  brown p a p e r ,  
b )  Autoclaved f o r  15  minutes  a t  121OC and 15  p s i ,  
6) M i l l i p o r e  Two-way Syr inge ;  
a )  Wrapped i n  brown p a p e r ,  
b )  Autoclaved f o r  1 5  m i n l l t e s  2 5  1 2 1 ° C  dL1d 15 psi, 
7 )  Calcium A l g i n a t e ;  
a )  Wrapped i n  brown p a p e r ,  
b )  Autoclaved 15  minutes  a t  121°C and 15 p s i ,  
8 )  Media (TSB) 
a )  P repa red  i n  p rope r  g l a s s  c o n t a i n e r s ,  
b )  Autoclaved 15  minutes  a t  121°C and 1 5  p s i ,  
c )  Incuba ted  f o r  48 h r ,  
9)  Nebu l i ze r ;  
a )  250 c c  of  s t e r i l e  w a t e r ,  
b) 
9 1 cc  of  4 x 10 /cc B a c i l l u s  s u b t i l i s  v a r  n i g e r .  
